Introduction
In Australia more than 80% of the population lives within 50 km of the coastline (Australian Bureau of Statistics 1996) , with much of the urban development centered on coastal flood plains and along river estuaries. Since World War II, much of the population growth has been focused in southeast Queensland (Figure 1a ), an area that stretches northwards from the New South Wales-Queensland border ~220 km to the coastal city of Noosa and westwards from the coast to the Great Dividing Range. The region is experiencing one of the fastest population growth rates (currently 3% per year) of any large city in the developed world, and Brisbane, the urban centre of the region, is the fastest growing capital city in Australia (Skinner et al. 1998) . Whereas initial settlement of the region in the early to mid-19th century occurred along the shores of the Brisbane River (now Brisbane City), the population has since expanded to the north (Sunshine Coast) and south (Gold Coast) of Brisbane, resulting in high population density throughout most coastal areas of southeast Queensland (Capelin et al. 1998) .
Because urbanization has led to increases in sewage output, land clearing, and the recreational and commercial use of waterways, coastal and estuarine systems of southeast Queensland are becoming increasingly stressed (Dennison & Abal 1999) . To develop effective strategies for environmental management and to prevent further degradation, a series of regional surveys has been launched to gauge the health of coastal and estuarine systems in southeast Queensland (Tibbets et al. 1998; Dennison & Abal 1999) . Many of these previous investigations emphasized biological and chemical issues, and did not involve an informed analysis of the sedimentary substrate. Previous work in other systems has demonstrated that meaningful results are best achieved by considering the role of the surface and near-surface sediment in chemical and biological processes (Eyre & McConchie 1993) .
The present study uses sedimentological and geochemical data derived from a suite of seven cores to examine the long-term history of Coombabah Lake, a brackish coastal lake system located in a heavily urbanized area of the Gold Coast, Queensland. (Figure 1b ). Understanding the natural processes involved in the evolution of this and other coastal lakes, including the ability of these systems to maintain a balance between the storage and output of sediment and nutrients that enter the system, is a crucial part of any strategy designed to maintain the integrity of these unique environments.
east Queensland (Figure 1 ). The lake, which comprises the Coombabah Lake Nature Reserve and borders the Ivan Gibbs Wetland Reserve, is classified as a Fish Habitat Area within the Moreton Bay Marine Park and serves as an important wildlife corridor between the Nerang State Forest and the coast. Coombabah Lake is hydrologically open and affected by tidal flux with a tidal range of less than 1 m. The lake is fed from the southwest by Coombabah Creek, which meanders ~15 km from its headwaters in Nerang State Forest, through residential areas, and into Coombabah Lake. The creek exits the lake at its northern end and flows into Saltwater Creek before joining the Coomera River, which discharges into Moreton Bay to the west of South Stradbroke Island. Over the past five decades, human activities in the areas surrounding Coombabah Lake have altered significantly. Major changes included the clearing of the Gaven Forest for a pine plantation in the 1960s, the opening of a road-metal quarry adjacent to the headwaters of Coombabah Creek in Nerang State Forest in the 1980s, and the development of the Helensvale residential estate, which lies along the western margin of Coombabah Lake, in the 1970-1990s. Urban development surrounding the lake included the clearing of land for golf courses and the construction of a sewage treatment plant on the eastern margin of the lake.
Present water depths in Coombabah Lake range from 0 to ~1 m in channels at low tide, with large portions of the lake forming exposed mud flats at low tide. Examination of aerial photographs and comparison with similar coastal plain environments in eastern Australia (Roy 1980; Roy & Crawford 1981) suggests that the lake formed following the Holocene (post-glacial) sea-level rise. At the post-glacial sealevel maximum, the broader Coombabah-Helensvale valley was flooded by the sea, forming a drowned valley or ria system similar to many of the estuaries on the east coast of Australia (Roy 1984 (Roy , 1994 . This drowned valley has since been infilled by sediment through a combination of downstream sediment supply, from Coombabah Creek and other watercourses, and backfilling from the coastal zone.
Because the lake is swept by a semidiurnal tide, the water in the lake is turbid and brackish, and supports a mangrove-dominated fringing flora, with Casuarina and Melaleuca on slightly more protected areas elevated above the high-tide mark. Mangrove roots are abundant over a 10-20 m-wide zone along the outer margin of the lake, and more dispersed across other shallow parts of the basin. Shells of oysters, cockles, mussels, and gastropods are abundant across the lake floor. Few if any living mollusks were encountered at the surface, but articulated, probably extant bivalves were noted in some cores up to 65 cm below the sediment surface. The muds that typically form surface sediment are tinged brown, suggesting some oxidation at the sediment-water interface, whereas subsurface sediments (below ~5 cm) are uniformly medium blue-grey (10BG 4/1) apart from a few, very thin brown horizons, and a strong H 2 S smell was noted during core recovery. An anastomosing network of shallow channels cuts the floor of the lake, much of which is exposed at low tide. The channels are typically 20-50 m wide and over most of the lake they are <1 m deep at low tide. These channels become deeper and focused into a single channel thread where Coombabah Creek enters and exits the lake. Elsewhere, the lake floor comprises muddy shoals and flats that display an undulating topography of <1 m. Near the northern (outlet) end of the lake, the sediment surface has been locally elevated to ~0.3 m above high-tide level to form two islands, the larger one approximately 300 m long and 100 m wide. These islands are densely vegetated by mangroves and halophytic grasses.
Methods

Core recovery
The nature and thickness of subsurface sediment in Coombabah Lake were addressed by acquiring a series of cores in a pattern along two transects, one orientated northsouth and the other east-west across the lake (Figure 2 ). The common site on both transects, the location of core COO-V3A, was used as a focus for geochronological analysis (see below). The sedimentary section on the western shore of the lake was tested by means of a hand auger (hole COO-A1, which penetrated to 179 cm). The remaining cores (COO-V1 to V7) were captured inside aluminum pipes (70 mm irrigation pipe), which were either pushed manually into the subsurface (to as much as 5.5 m below surface) or powerassisted by a vibrocore device comprising a vibrating steel head clamped to the pipe and attached by hydraulic hose to a portable generator unit. At most sites the fine-grained sediments were unavoidably compacted by 30-55% during the coring process (see Table 1 for penetrated and recovered depths for each site).
Geochemistry
A suite of samples was analyzed geochemically to evaluate the nature of material sourced from the catchment and/ or produced in situ (minerals and organic matter) and stored in the sedimentary record of Coombabah Lake. Sediment samples (~20 cm 3 ) were collected from regularly spaced intervals in cores COO-V1, COO-V2A and COO-V3A. To minimize contamination from the drill pipe, the outer ~2 cm of the core was avoided during sample collection. Samples were dried overnight in an oven at 50 °C and ground to a fine, homogeneous powder using a mortar and pestle. Samples were analyzed for total nitrogen (TN), total phosphorus (TP), total organic carbon (TOC), and concentrations of SiO 2 , Al 2 O 3 , and Fe 2 O 3 . The TN was analyzed by combustion on a LECO CNS 2000 combustion analyzer set at 1100 °C. The TOC was measured using a UIC Carbon Analyser, which measures all of the CO 2 that is liberated by either acidifying samples (total inorganic carbon: TIC) or heating samples to 1000 °C (total carbon: TC), and backtitrating to a coulometric end-point. The TOC was calculated as the difference between concentrations of TC and TIC. The TP, Si, Al, and Fe concentrations were analyzed by inductively coupled plasma atomic emission spectrometry (ICP-AES). Samples analyzed for TP were digested with HCl, HNO 3 and HF in a CEM MSP1000 microwave digester. The remaining samples were prepared using the lithium metaborate fusion method and Lu was used as an internal standard. Geochemical data from the present study are supplemented by data from Gallagher (2001) and presented in Table 2 .
To assess the average sedimentation rate in Coombabah Lake, samples (~50 cm 3 ) were taken from regularly spaced intervals in core COO-V3A, chosen for its location in the lake's depocenter. Samples were dried thoroughly in an oven at 50 °C, powdered, and sent to the Australian Nuclear Science and Technology Organisation (ANSTO) for 210 Pb dating using the alpha method.
Results
Core description
Auger hole COO-A1, on the western edge of the lake (Figure 2) , encountered a short interval of sandy clay overlying a blue-grey clay interval of similar appearance to sediments from the lake, and all were penetrated by live plant roots. Beneath the clay was a fining-upward bed of gravelly sandy clay to sandy clay, which abruptly overlayed intensely weathered, stiff white clay with iron oxide concretions and mottles, and which passed gradationally downward to weathered, quartz-veined quartzite at the base of the hole. The top layer of sandy clay constituted the present (supratidal) soil horizon, whereas the underlying blue-grey clay was interpreted as recording deposition in the lake. This suggests that the lateral margins of the lake may have prograded slightly in a lakeward direction since the post-glacial sea-level maximum. The fining-upward, gravelly bed is interpreted as a lake-marginal lag deposit developed over the strongly decomposed basement of Upper Devonian-Lower Carboniferous Neranleigh-Fernvale beds quartzites. The important outcomes from this hole are the presence of strongly weathered basement at shallow depth, and the occurrence of lacustrine muds beneath what is now a stabilized, supratidal surface. Site COO-V1 (50 cm recovered, 108 cm penetrated) penetrated a short interval of shelly, silty clay abruptly overlying strongly weathered clay with iron oxide mottles and concretions. The basal portion of the silty clay was essentially a muddy shell hash, with abundant shells and fragments of cockles, some gastropods and mussels, and occasional oysters. A similar assemblage of mollusks was found dispersed through higher levels of the core. This core can also be interpreted to record lake mud sedimentation above a shallow, weathered basement. The abundance of shells in the interval immediately above the basement interface suggests a condensed lag representing a significant period of time. The lack of shell fossils in adjacent auger hole COO-A1 may be due to dissolution associated with penetration by plant roots and associated freshwater influx.
Cores COO-V2A, -V3A, -V4, -V6 and -V7 show lithologically similar, although thicker, sections dominated by medium blue-grey clays with dispersed mollusk shells similar to the previously described cores. In all cores a sandy mud unit containing abundant mussels and gastropods was noted in the uppermost ~50 cm of section (penetrated depth). Other concentrations of shells or, in the case of COO-V2A complete large oyster shells, were noted at greater depths particularly at 130-160 cm below sediment surface. The uniform lithology throughout these cores indicates consistent patterns of sediment accumulation over much of the Holocene history of the lake, with little if any significant change over time. Sediments are inferred to have been deposited from suspension, in a setting similar to the present lake. Drilling experience at site COO-V3, where the pipe became lodged in the basement at ~5.5 m, suggests that this lithology occurs almost down to the basement interface in the centre of the lake basin. The sedimentary successions penetrated in the remaining cores indicate a section perhaps equivalent in age to the condensed section of COO-V1 but considerably expanded due the increased accommodation space available in the lake depocenter.
Site COO-V5A, from near the northern (outlet) end of the lake, is worthy of special mention because it is the only site to have encountered a sandy lithology. A composite, coarsening-upward sand body was noted in the uppermost 106 cm in COO-V5A. The sand body contains a shell accumulation in the uppermost 30 cm, as in other holes, and other shell material lower down. The sand body is penetrated extensively by mangrove roots. Below 106 cm, the lithology fines downward into medium blue-grey clays similar to those encountered in other cores. The abundance of sand in core COO-V5A cannot be satisfactorily explained by its proximity to the axial drainage channel, because other cores drilled close to channels did not encounter such sands (e.g. COO-V7, drilled close to the mouth of the inlet channel at the southern end of the lake). Rather, it is suggested that the sand, which seems to be abundant at and near the surface at the northern end of the lake, may have been transported landward from the coastal zone, perhaps forming a flood-tidal delta complex. It is not clear whether or not this system is still active, but it may also explain the presence of elevated, sedimentcored islands at the northern end of the lake.
Geochemistry toc, tn, and tp contents
The TOC, TN, and TP in Coombabah Lake sediments were measured to determine the concentration and source of nutrients and organic matter in the sediments. The TOC and TN contents range from 0.4 to 2.0 wt% and 230 and 1420 (Heap et al. 2001) . By contrast, the TP contents in Coombabah Lake sediments are unusually high, averaging 508 ± 186 ppm, with the highest values found in sediments that lie below the uppermost shell concentration at approximately 50 cm depth. These TP values, when compared to the Australian average of 120-450 ppm (Heap et al. 2001) , indicate the presence of a large pool of potentially available phosphorus in the sediment column. Bulk concentrations of TOC, TN, and TP in estuarine sediments are controlled to a large degree by factors such as grainsize, plant uptake, and anoxia (Alongi et al. 1992) , with the highest concentrations expected in mud-dominated sediments (Eyre & McConchie 1993) in which anoxic conditions have developed. Anoxic conditions at depth in Coombabah Lake sediments are inferred by the H 2 S smell noted during core recovery, the presence of Fe monosulphides (visible in some cores immediately after splitting), and scattered pyrite. There is considerable spatial variation in the concentrations of TOC, TN and TP (Table 2) , with the highest concentrations occurring in cores COO-V7 and -V6, located in the southern half of the lake near the Coombabah Creek inlet. Average concentrations in sediments from these cores are 1.5 wt% TOC, 1089 ppm TN and 565 ppm TP. By contrast, cores recovered from the northern half of the lake are characterized by lower overall TOC, TN, and TP contents, with the lowest average concentrations occurring in core COO-V5A (0.6 wt% TOC, 416 ppm TN and 275 ppm TP). These differences correspond to variations in sediment source and grainsize, with lower concentrations (northern part of lake) associated with sand-dominated sediments derived from the coastal zone. At site COO-V5A, where the upper ~50 cm is penetrated by mangrove roots, lower TOC, TN, and TP concentrations in this interval may also reflect plant uptake.
major element concentrations
Surface sediments show the highest average concentration of SiO 2 (66 wt%) and lowest average concentrations of Al 2 O 3 (9 wt%) and Fe 2 O 3 (3.7 wt%) ( Table 2 ). With the exception of site COO-V5A, which penetrated a sandy lithology in the upper ~100 cm, SiO 2 concentrations decrease below the uppermost shelly horizon that occurs at 50 cm depth. Al 2 O 3 and Fe 2 O 3 vary antithetically with SiO 2 (Figure 3) . In core COO-V3A, for example, the average SiO 2 concentration decreases from 69.7 wt% in the upper 50 cm to 49.7 wt% in the lower parts of the core (Figure 4 ). Over the same interval, average Al 2 O 3 contents increase from 8.3 to 15.4 wt% and Fe 2 O 3 increases from an average of 3.8 to 7.5 wt%. These downcore variations correspond at each site to the lithological changes noted above: whereas the decrease in Si content at ~50 cm depth coincides with the decrease in quartz sand and silt, the downcore increases in Al and Fe concentrations correspond to observed increases in clay. Given the dominance of silica in detrital sand and silt particles and Al in clay minerals, these relationships suggest that SiO 2 and Al 2 O 3 contents serve as a proxy for stratigraphic variations in grainsize (e.g. relative abundance of quartz sand, silt and clay).
Discussion
Stratigraphy
Despite an initial impression of a monotonous mud succession in Coombabah Lake, elements of a stratigraphy can be established, and are here illustrated by two cross-sections drawn east-west and south-north across the lake ( Figure  2 ). The east-west section shows the lateral transition from a condensed section at the western shore of the lake into and beyond the centre of the basin, while the south-north section suggests a relatively consistent basement elevation along the basin axis. The overall succession thickens abruptly eastward into the lake basin from the western margin, indicating a relatively steep-sided but flat-bottomed paleovalley.
The shell-rich interval in the uppermost 50 cm of section occurs virtually throughout the lake, and is the most consistently recognizable feature in the cores, including the sandrich COO-V5A at the northern end of the lake. Further laterally persistent shell concentrations occur 70-100 cm below the sediment surface and 200-250 cm below the sediment surface. Other horizons occur but are not as readily correlated. The distribution and continuity of the shelly horizons suggest that several hiatuses in sediment accumulation or periods of winnowing occurred during the depositional his- tory of the lake, allowing invertebrate shells to become concentrated into persistent layers. The concentration 200-250 cm below the sediment surface (which locally splits into two discrete layers) is notable for containing complete, large flat oyster shells, suggesting development of conditions conducive to oyster growth at some time in the past. This layer in core COO-V7 is tinged brown at the top, indicating a degree of oxidation similar to that at the present sediment surface. Consideration of both the distribution and composition of the shelly intervals suggests that the shell-rich layer that overlies basement in COO-V1 is a condensed section, which may represent much of the time recorded in the deeper cores to the east.
Age constraints
The rate of sediment accumulation in Coombabah Lake is estimated on the basis of the activity of unsupported 210 Pb in a series of samples from core COO-V3A, located in the lake's center. The activity of excess 210 Pb in core COO-V3A is extremely low throughout the interval examined. The sample with the highest activity, 0.87 disintegrations per min per g of sample (dpm/g), encompasses the uppermost 2.5 cm of the core. The activity of this sample is much lower than the range typical for lacustrine surface sediments (5-10 dpm/g). As such, the results are consistent with two interpretations: (i) the sediment in the uppermost 2.5 cm of core COO-V3A represents material that is relatively old with respect to the resolution of the 210 Pb dating technique (>~150 years); or (ii) younger sediments have been removed or reworked, revealing 'older' material at the sediment-water interface. Both interpretations imply a low rate of sediment accumulation in Coombabah Lake. The low activities of excess 210 Pb in core COO-V3A make it difficult to constrain a reliable sedimentation rate that is valid for the entire time represented by the core. However, if only samples in which activities of excess 210 Pb are detectable (near the top of the core) are considered and compaction related to the coring process is taken into account, calculations indicate that the minimum sedimentation rate in Coombabah Lake is on the order of 0.10-0.45 cm/year. Significant compaction requires that this rate must be considered a minimum estimate. The range is consistent with average sedimentation rates (0.11-0.43 cm/year) compiled for Australian estuaries by Heap et al. (2001) .
Assuming little change in average rates of sediment accumulation throughout the history of Coombabah Lake, it is possible to estimate the age of the base of the sedimentary section, located a maximum of 5.5-6 m below the sediment-water interface. Using an average sedimentation rate of 0.1 cm/year suggests that Coombabah Lake began forming at least 5500-6000 years ago, when the sea-level along the Queensland coast is postulated to have been 1.0-1.5 m higher than present (Flood 1983 (Flood , 1984 Larcombe et al. 1995) .
Depositional history
With the exception of the northern end of the lake (where the uppermost 1 m of section is sand-dominated), the succession cored at sites V1-V7 indicates a quiet, shallow, brackish-water body fed by fine-grained sediment dropped from suspension, throughout the Holocene history of Coombabah Lake. During this time (5500-6000 years), periods when mud accumulation was relatively rapid were punctuated by intervals when invertebrate shells became concentrated by winnowing. The persistence of shell concentrations in the subsurface suggests that these intervals affected much of the lake basin, and the greater number of such concentrations in the eastern part of the lake (Figure 2 ) suggests that it was most frequently affected by such conditions. The higher concentration of shells in the uppermost unit (average 50 cm thick) suggests that sediment accumulation in the lake has been relatively slow in recent times, despite the slightly sandier lithology. Thus, rather than recording a significant increase in sediment input due to anthropogenic factors, this layer records a period of relatively slow sediment accumulation.
The near-surface, shell-rich layer is interpreted to record a change in the sediment budget of the lake due to the filling of accommodation space. Infilling was replaced by reworking, partial bypass of sediment (as indicated by the network of anastomosing channels) and concentration of heavier shell debris by winnowing. Assuming constant sedimentation rates, the transition to the present depositional regime is postulated to have occurred approximately 500 years ago, well before significant European settlement and subsequent land clearing (Capelin et al. 1998 ). As such, there is no sedimentological evidence of a significant increase in sediment input to Coombabah Lake in the most recent past (last 50 years). The only significant sand accumulation is at the northern end of the lake, around and beneath the islands and probably focused at the outlet. Data suggest that this sand has accumulated by backfilling of the northern lake via sand supply from the coast, transported inboard by flood-tidal currents.
Geochemistry
Organic matter in pure marine sediments is generally assumed to consist of diatomaceous phytoplankton, which has an average C:N:P ratio of 106:16:1, known as the Redfield ratio (Redfield et al. 1963; Froelich et al. 1979) . But because of the shallow depositional setting and brackish nature of coastal systems, the organic matter metabolized in estuarine sediments tends to consist of variable mixtures of material derived from marine phytoplankton, aquatic plants, and terrestrial vegetation. The breakdown of organic matter contributed from different sources, combined with the effects of plant uptake and diagenesis, leads to the development of C:N:P ratios that differ from the Redfield ratio. Coombabah Lake sediments have C:N and C:P ratios ranging from 9.7 to 17.5 and 11.0 to 36.2, respectively ( Figure 5 ). The C:N ratios are consistent with the average range (10.1-24.3) for Australian estuarine sediments (Heap et al. 2001) and reflect a large contribution of organic matter from aquatic plants such as seagrass and macroalgae (Atkinson & Smith 1983 ). The C:P ratios, in contrast, are anomalously low compared with the Australian average range of 46.2-201.3 (Heap et al. 2001) . Extremely low C:P ratios are also found in mud-dominated regions of nearby Moreton Bay (Figure 1 ) (Dennison & Abal 1999) and suggest that high P contents are typical for the region. (Heap et al. 2001 ) and the ranges of C:N ratios typical of organic matter derived from marine phytoplankton, aquatic plants, and terrestrial plants (Atkinson & Smith 1983) .
Although much P is released to estuarine sediments during the degradation of organic matter (Berner 1974) , the largest pool of soluble reactive P is inorganic and delivered from the catchment in particulate form (Boto & Wellington 1988; Froelich 1988 ). This inorganic P typically occurs either in the form of Ca, Fe, and Al phosphates or adsorbed onto Fe and Al sesquioxides (Alongi et al. 1992; Pailles et al. 1993) , all of which are highly insoluble compounds. The TP in Coombabah Lake sediments shows a positive correlation with Al 2 O 3 and Fe 2 O 3 (Figure 3) , suggesting that much of the P has indeed entered the lake in the inorganic form(s) indicated above. Assuming that concentrations of SiO 2 and Al 2 O 3 in Coombabah Lake sediments reflect, at least in part, the relative proportions of detrital quartz and clay, respectively, a negative correlation between SiO 2 and TP, Al 2 O 3 and Fe 2 O 3 (Figure 3) suggests that the larger proportion of P should occur in that part of the sediment column dominated by clayey sediments. This interpretation is supported by the downcore distributions of these geochemical parameters (Figure 4 ; Table 2) and is consistent with the sedimentological observations discussed above. The TP, Al 2 O 3 and Fe 2 O 3 concentrations are lower at core tops and show a pronounced increase to higher values at the base of the uppermost shell horizon (Figure 4 ), below which sediments are generally sand-free. In core COO-V5A the TP values remain low through sandy sediments of the upper 106 cm and increase to higher values in the mud-dominated sediments that characterize the lower part of the core (Table 2) . These downcore patterns indicate that much of the P in the Coombabah Lake sediment is stored in inorganic form >50 cm below the sediment-water interface.
Geochemical patterns suggest that the decrease in the amount of clay in the upper part of the sediment column diminished the ability of Coombabah Lake sediments to preserve organic matter and/or adsorb N and P. In a regional study of Moreton Bay, Dennison and Abal (1999) demonstrated a close association between high nutrient concentrations and mud, and linked the association to increased adsorption on finer sediments (characterized by a large surface to volume ratio) coupled with better preservation of organic matter due to an increased capacity for the development of anoxic conditions. Similar patterns have been noted in other Australian estuary systems (Eyre & McConchie 1993; Pailles et al. 1993) . A gradual increase in the contribution of sand from the coast in the northern reaches of the lake is evident in the coarsening-upward sequence recovered in core COO-V5A. Lower nutrient levels at this site likely reflect the sanddominated and oxidizing nature of coastal beach environments, and a low potential for organic matter preservation.
Conclusions
Sedimentological and geochemical data derived from a series of cores drilled through the Holocene sequence in Coombabah Lake reveal little to suggest that human activities in the surrounding catchment have impacted on conditions in the lake system. Throughout much of its history, sedimentation in Coombabah Lake has been dominated by the settling of fine-grained material transported to the lake from the catchment area that lies to the south. Sedimentological observations indicate a slight change in the sediment budget ca 500 years ago, when depositional processes changed from those involved largely with sediment accumulation (filling of the basin) to include reworking of sedimentary material (e.g. the concentration of shell material by winnowing) and the partial bypass of sediment through channels on the eastern side of the lake. Rather than increasing sedimentation rate, this change is interpreted to have initiated a drop in the overall rate of sediment accumulation, such that a delicate balance between sediment input, storage/reworking, and output maintains the current water depth. Facies patterns considered together with SiO 2 and Al 2 O 3 records suggest that the change in prevailing depositional conditions led to a slight increase in the proportion of sand to mud.
Geochemical records show that nutrient storage in the sediment decreased significantly after the transition to the new depositional regime. The overall decrease in the trapping efficiency of Coombabah Lake is interpreted to reflect increased winnowing and flushing of particulate-bound nutrients, an increase in the average size of sediment particles, and a change in the type of sedimentary material entering the system. The coarsening-upward sequence penetrated at site COO-V5A records the gradual development of a flood-tidal delta complex composed of sand transported from the coast and focused near the northern outlet of the lake. Such variations in sediment distribution across the lake are reflected as spatial differences in concentrations of TOC, TN, and TP. Higher organic matter and nutrient levels occur in the southern half of the lake, where the section contains a higher proportion of fine-grained sediment. Lower concentrations characterize areas that receive a higher influx of sand.
